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(54) An electronic circuit supplied with power via current generator means 

(57) In an electronic circuit supplied from supply ter- 
minals, a terminal in the circuit being biased to a voltage pjg . 1 
between the supply terminal voltages, connections from 
power supply terminals are made via current generator 
means. 

The circuit is preferably an RF, balanced and/or os- 
cillator circuit. 

The current generator means are preferably con- 
trollable current generators, preferably controlled by an 
AGC, or a common mode or differential voltage control 
circuit. 

Preferably, the controllable current generators com- 
prise a FET or are substantially constituted by each one 
MOS-FET. 

A balanced, common-base, low-voltage Pierce 
crystal oscillator with two transistors and four to six cur- 
rent generator means is disclosed. 
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Description 

[0001] The invention relates to an electronic circuit 
being supplied from differential voltage (e.g. positive 
and negative) power supply terminals, in which a termi- 
nal in the circuit is biased to a voltage in the range be- 
tween the voltages of the power supply terminals. 
[0002] The circuit of the invention is i.e. suitable for 
use in differential crystal oscillators or similar circuits. 
[0003] Differential crystal oscillators are well known in 
the art, being supplied with power via resistors or induc- 
tors. 

[0004] From US patent No. 5,912,594 a Pierce oscil- 
lator is known, having a current source type biasing el- 
ement, used as an emitter impedance. According to said 
patent, this element represents a high impedance, ide- 
ally a no-load impedance for high-frequency currents. 
[0005] It is an object of the present invention to im- 
prove the general performance of circuits of the type 
mentioned at the outset, in particular of a low-voltage 
differential oscillator. 

[0006] In a first aspect, the present invention provides 
an electronic circuit comprising first and second power 
supply terminals having different voltage potentials, a 
circuit node arranged to be biased to a voltage in the 
range between the voltages of said first and second 
power supply terminals by controllable current genera- 
tor means, wherein the controllable current generator 
means is arranged to stabilise the voltage of said circuit 
node by using one or more control signal sources which 
form part of a closed loop in the electronic circuit. 
[0007] Two kind of control signal sources are used to 
stabilise the voltage of the said circuit node; a control 
signal source where the control signal is derived from 
the signal to be controlled, e.g. by an AGC (Automatic 
Gain Control) circuit, and a reference control signal 
source, e.g. by a DC voltage source. In general, any 
control/feedback circuit uses both with the circuit con- 
figured so that the signal derived from the signal to be 
controlled is held at the same level as the reference sig- 
nal. The control signal source is generally a circuit, and 
the AGC circuit is an example of one such circuit. 
[0008] Preferably, the first and second power supply 
terminals respectively have positive and negative volt- 
age potentials. 

[0009] In an electronic circuit being supplied from pos- 
itive and negative power supply terminals, a terminal in 
the circuit being biased to a voltage in the range be- 
tween the voltages of said positive and negative power 
supply terminals, this object is met in that connections 
from said power supply terminals to the circuit are made 
through current generator means. 
[001 0] By this measure, said connections will attain a 
comparatively high impedance, seen from the circuit to- 
wards the supply lines, and thereby providing an im- 
proved isolation of the circuit against small signals from 
the supply lines (typically noise and stray signals), as 
well as large signals from the supply lines (deviations of 
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the supply voltage, etc.). 

[0011] Further, control of the working conditions of the 
circuit will be facilitated as the current generator means 
will readily permit biasing the circuit or part of it to a de- 

5 sired voltage between the voltages of the supply lines, 
the current generator means enabling the circuit to 
"float" freely between the voltages of the supply lines. 
[0012] When controllable current sources or genera- 
tors are used, the parameters of the circuit may advan- 

10 tageously be adapted to shifting working conditions by 
suitable control of the currents supplied by the current 
generators. 

[0013] The electronic circuit may be a RF (radio fre- 
quency) circuit. The electronic circuit may be an oscilla- 
15 tor circuit. In such a case, the circuit may be a crystal 
oscillator circuit. In such circuits, the isolation mentioned 
will be of particular importance. In RF circuits, said high 
impedances will facilitate an effective decoupling of the 
supply lines. In oscillator circuits, an improved isolation 
is in any case important in order to obtain as low a noise 
level on the oscillator output signal as possible. 
[0014] In a particularly preferred embodiment, the cir- 
cuit comprises a common-base, balanced Pierce crystal 
oscillator comprising two transistors with their bases 
connected to a fixed DC bias source, the collectors of 
the transistors connected to each their output terminal 
of the circuit and to each their terminal of a quartz crys- 
tal, capacitive voltage divider feedback paths leading 
from each collector to an associated transistor emitter. 
[0015] Preferably, the electronic circuit is a balanced 
circuit comprising two substantially identical or mirrored 
sub-circuits. In another preferred embodiment, the cir- 
cuit may be a balanced circuit comprising two substan- 
tially identical or mirrored sub-circuits and wherein the 
circuit comprises a balanced Pierce oscillator. 
[0016] When use is made of the invention in a bal- 
anced circuit, a synergetic effect is obtained in that the 
high impedances of the current generator means tend 
to enhance the isolation of the circuit from common 
mode disturbances which is generally already present 
to a substantial degree in a balanced circuit. 
[0017] The electronic circuit may comprise two or 
more controllable current generator means and a corre- 
sponding number of circuit nodes, wherein two or more 
of the current generator means are arranged to utilise 
the same control signal source to stabilise the voltage 
in the corresponding circuit node. In this case, particular 
advantages are obtained in that a circuit parameter for 
the balanced circuit as a whole will be controllable from 
one and the same control input terminal. In this way, a 
particularly efficient and exact control of said common 
mode voltage is obtained. 

[0018] In this case, said control signal source may 
form part of a closed loop stabilising the differential volt- 
age of the nodes connecting said two controllable cur- 
rent generators to said electronic circuit. In this way, a 
particularly efficient and exact control of said differential 
voltage is obtained, which according to the invention 
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may advantageously be combined with the aforemen- 
tioned control of the corresponding common mode volt- 
age. 

[001 9] The control signal source is generally a circuit. 
The control signal source may be an AGC circuit. In this 
way, a particularly simple and component effective AGC 
is had for a differential electronic circuit, in situations 
where e.g. the gain of the circuit is depending on the 
current supplied or drained by the current generator 
means. 

[0020] In one specific embodiment, the electronic cir- 
cuit may comprise two or more controllable current gen- 
erator means and a corresponding number of circuit 
nodes, wherein two or more of the current generator 
means are arranged to utilise the same control signal 
source to stabilise the voltage in the corresponding cir- 
cuit node and wherein said same control signal source 
forms part of a closed loop stabilising the common mode 
voltage of the nodes connecting said two controllable 
current generators to said electronic circuit. 
[0021] In one embodiment, the electronic circuit may 
comprise two or more controllable current generator 
means and a corresponding number of circuit nodes, 
and the outputs of the controllable current generator 
means may each be connected to different nodes, and 
these nodes may be connected to one another by one 
or more active/passive components. The active compo- 
nent may be a transistor or other such component, and 
the passive component may be a resistor or other such 
component. 

[0022] In this case, the circuit connected between the 
outputs of the controllable current generator means will 
have a comparatively large impedance with respect to 
supply terminals. 

[0023] In another specific embodiment, the electronic 
circuit may comprise a common-base, balanced Pierce 
crystal oscillator comprising two transistors with their 
bases connected to a fixed DC bias source, the collec- 
tors of the transistors connected to each their output ter- 
minal of the circuit and to each their terminal of a quartz 
crystal, capacitive voltage divider feedback paths lead- 
ing from each collector to an associated transistor emit- 
ter, characterised in that: 

current is supplied from a first power supply terminal 
to the transistor collector terminals via controllable 
current generators controlled from a servo loop cir- 
cuit having the common mode voltage of said tran- 
sistor collector terminals as the controlled variable; 
current is added to the currents supplied from the 
first power supply terminal to said collector termi- 
nals by controllable current generators controlled 
from differential outputs of a differential amplifier in 
a servo loop circuit having the differential voltage of 
said transistor collector terminals as the controlled 
variable; and 

current is drained from the transistor emitters to a 
second power supply terminal via controllable cur- 
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rent generators controlled from an AGC circuit con- 
trolling the output voltage and/or the gain of the 
crystal oscillator. 

5 [0024] In this circuit, current is according to the inven- 
tion supplied from a first power supply terminal to the 
transistor collector terminals via controllable current 
generators controlled from a servo loop circuit having 
the common mode voltage of said transistor collector 
terminals as the controlled variable; current is added to 
the currents supplied from the first power supply termi- 
nal to said collector terminals by controllable current 
generators controlled from differential outputs of a dif- 
ferential amplifier in a servo loop circuit having the dif- 
ferential voltage of said transistor collector terminals as 
the controlled variable; and current is drained from the 
transistor emitters to a second power supply terminal 
via controllable current generators controlled from an 
AGC circuit controlling the output voltage and/or the 
gain of the crystal oscillator. 

[0025] This circuit combines the advantages of the in- 
vention mentioned above, the invention thereby provid- 
ing a balanced Pierce type oscillator of superior per- 
formance, thereby contributing i.e. to: enhanced isola- 
tion from supply lines, improved control of crystal oscil- 
lating mode, independent control or servo control of dif- 
ferential and common mode working points, simple but 
effective AGC means, and use of supply voltages down 
to 1.8 V. 

[0026] In such a case, the controllable current gener- 
ators may comprise, as a major functional element, a 
FET (field effect transistor). A FET considered as a com- 
ponent has as intrinsic characteristics many of the fea- 
tures needed in a controllable current generator. Thus, 
a considerable saving in component count may be ob- 
tained by utilising in the circuit of the invention the rather 
linear interdependence between gate voltage and drain 
current of the FET 

[0027] In other embodiment, the controllable current 
generators may comprise, as a major functional ele- 
ment, a FET (field effect transistor) and wherein control- 
lable current generators are substantially constituted by 
each one MOS-FET (metal oxide semiconductor field 
effect transistor), the source and drain of said FET con- 
stituting the supply terminals of the respective current 
generator, and the gate of said FET constituting the con- 
trol input terminal of said respective current generator. 
[0028] This embodiment will imply an ultimately sim- 
ple controllable current generator, having quite satisfac- 
tory performance for the purpose of this invention. 
[0029] Below, the invention will be explained in more 
detail by means of embodiment examples and with ref- 
erence to the drawings, in which 

Fig. 1 schematically shows a differential crystal os- 
cillator with power supply via current generator 
means, according to the invention; 
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Fig. 2 shows the right half of the differential oscilla- 
tor in Fig. 1; and 

Fig. 3 shows the circuit of Fig. 1, completed with 
circuits according to the invention for control of the 5 
current generator means; 

Fig. 4 A shows the details of the current generator 
means 42 in Fig 3; 

Fig. 4 B shows the details of the current generator 
means 53 in Fig 3. 

[0030] The same reference designations designates 
the same or similar elements in all the figures. 
[0031] In Fig. 1, a differential mode oscillator 1 is 
shown. As apparent from Fig. 1 , the circuit is symmetric 
with respect to a vertical centre-line A-A. 
[0032] Supply current is fed from a power supply ter- 
minal 2 (positive, or Vcc) via current generator means 
3-4 having a high small-signal and large-signal imped- 
ance to the collector terminals 8-9 of two transistors 
10-11, two output terminals 5-6 as well being connected 
to the collector terminals 8-9, respectively. Preferably, 
output signals are taken from the output terminals via 
suitable buffer circuits, these preferably being differen- 
tial buffer circuits. 

[0033] In operation, the two outputs 5-6 will operate 
in phase opposition, and thus the voltage across the 
crystal 7, which is connected between the collector ter- 
minals 8-9, will be an AC voltage with ideally no DC com- 
ponent. 

[0034] The base terminals of the two transistors 1 0-1 1 
are connected together at a node 12 which is biased by 
a DC bias generator 13. The node 12 represents a vir- 
tual ground terminal owing to the symmetry of the oscil- 
lator circuit; the DC generator may according to the in- 
vention have a low impedance at low frequencies, there- 
by further qualifying the node 12 as a virtual ground ter- 
minal. 

[0035] At higher frequencies, the DC generator 13 
may according to the invention have a substantially 
higher impedance, thereby tending to isolating the os- 
cillator circuit from ground-induced noise. 
[0036] Feedback is taken from the collector terminals 
8-9 to the emitter terminals 19-20 of the transistors 
10-11 via capacitive voltage dividers formed by capaci- 
tors 16, 14 and 17, 15, respectively. In this respect, the 
node 24 between the two capacitors 14-15 represents 
a virtual ground terminal as well, due to the symmetric 
operation of the oscillator circuit 1 , the two capacitors 
14-15 having equal values and the two capacitors 16-17 
having equal values. 

[0037] The supply current is returned to a negative or 
ground terminal 23 from the emitter terminals 19-20 of 
the two transistors 10-11 via current generator means 
21-22 having high small-signal and large-signal imped- 
ances. 



As every node or terminal along the symmetry line A-A 
is in fact a virtual ground terminal, the oscillator circuit 
1 can be divided along this line A-A into two subcircuits. 
The right subcircuit 30 is shown in Fig. 2. 
[0038] The virtual ground terminals along the line of 
symmetry A-A are: the Vcc terminal 2; an imaginary 
"centre tap terminal" 31 of the crystal 7; the base termi- 
nal 12; the node 24 between the capacitors 14-15; and 
the ground terminal 23. In Fig. 2, the virtual ground ter- 
minals 31, 12 and 24 are shown connected virtually to 
ground 32 by dashed lines. 

[0039] It is now readily seen from Fig. 2 that the right 
subcircuit 30 constitutes a common-base Pierce type 
oscillator. Thus, the circuit 1 in Fig. 1 may be designated 
a common base Pierce type differential mode (or: bal- 
anced) oscillator. 

[0040] The use of balanced circuits is generally pref- 
erable in RF applications, mainly in order to reduce un- 
wanted radiation, but also in order to e.g. reduce loop 
currents in ground loops. In general, as high a degree 
of symmetry as possible is to be preferred in balanced 
RF circuits, for the same reasons, and especially in or- 
der to reduce unwanted radiation. 
[0041] The use of balanced RF circuits is also prefer- 
able in battery powered equipment such as e.g. a mobile 
telephone, because it permits handling of a higher RF 
power level in a circuit powered by a given battery volt- 
age. 

[0042] Further, the use of balanced circuits is prefer- 
able in integrated circuits, these most often being made 
on monolithic semiconductor substrates. The substrate 
thus being more or less conductive, it will permit stray 
signals to propagate through the circuit, which in the 
case of RF signals may be more detrimental to the func- 
tioning of the circuit than in the case of DC or logic cir- 
cuits. The use of balanced circuits on the semiconductor 
chip will tend to minimise this effect, the balanced sig- 
nals tending to absorb or balance out stray currents lo- 
cally within the circuit or within a sub-circuit. 
[0043] Thus, the oscillator circuit of Fig. 1 will be suit- 
able for use in e.g. a mobile telephone, where circuits 
are most often integrated on semiconductor chips, and 
where it is of prime importance to obtain high RF power 
levels from low battery voltage and to avoid unwanted 
RF radiation. 

[0044] The use of current generator means 3-4 and 
21-22 according to the invention isolates the oscillator 
from the Vcc and ground terminals 2, 23 because of the 
high impedances of the current generator means 3-4 
and 21-22. 

[0045] Hereby, noise, interference and common 
mode disturbances on the supply and ground rails will 
be attenuated effectively before they reach the oscillator 
circuit, to a degree even higher than associated with dif- 
ferential circuits of the prior art. 
[0046] In a circuit powered by a low voltage in, say, a 
portable, battery-powered piece of equipment such as 
e.g. a mobile telephone, resistors typically having a re- 
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sistance in the order of 2 kOhm are often used in place 
of the current generator means 3-4, 21-22 of the inven- 
tion. 

[0047] Current generator means 3-4 and 21-22 hav- 
ing output impedances in the order of 100 kOhm are 5 
easily realised with a quite low component count. Ac- 
cording to the invention, this will provide substantially 
better isolation and lower DC and AC losses by intro- 
ducing such high impedances between the circuit and 
the power supply terminals. The lower AC losses will in 
turn provide for reduced power consumption as well as 
reduced noise. 

[0048] In addition, a circuit fed by such current gen- 
erator means can be operated from very low supply volt- 
ages, as the necessary voltage drop across current gen- 
erator means according to the invention can be quite 
low, the current generator means still providing satisfac- 
tory performance. 

[0049] The embodiment example in Fig. 3 is in fact 
designed for a supply voltage Vcc of 2.7 V, and embod- 
iments according to the invention for 1 .8 to 2.2 V are 
obtainable with relative ease. 

[0050] An intended use of the circuit in Fig. 3 would 
be a master oscillator in e.g. a mobile telephone. The 
master oscillation frequency would preferably be of 
magnitude 10-100 MHz, and further frequencies need- 
ed in the mobile telephone would preferably be synthe- 
sised from the master frequency. 
[0051] According to the invention, the current gener- 
ator means are separate for each of the halves of a bal- 
anced oscillator circuit. This is the situation illustrated in 
the drawings, as the current generator means 3 is sep- 
arate from the current generator means 4, and the cur- 
rent generator means 21 is separate from the current 
generator means 22. 

[0052] In an oscillator circuit 40 in Fig. 3, control cir- 
cuitry according to the invention has been added to the 
circuit of Fig. 1. Said circuitry comprises first, second 
and third control circuits in the embodiment shown in 
Fig. 3. 

[0053] A first control circuit comprises two resistors 
48-49; a voltage source 45; a differential amplifier 44; 
and two controllable current generators 46-47 to consti- 
tute the current generator means 3-4 (Fig. 1). 
[0054] In the first control circuit, the two resistors 
48-49 establish a voltage on their common node 50, said 
voltage corresponding to the common mode voltage of 
the collector terminals 8-9. The difference between this 
collector terminal common mode voltage and a pre-set 
reference bias voltage provided by the voltage genera- 
tor 45 is amplified by the differential amplifier 44, the out- 
put of which is connected to control input terminals of 
the current generators 46-47. 

[0055] Thus, from the common mode voltage on the 
terminals 8-9, a closed loop leads to the negative input 
of the amplifier 44, through the amplifier 44 and via the 
control inputs of the current generators 46-47 to the ter- 
minals 8-9, and from there via the resistors 48-49 to the 



node 50 having the potential of the common mode volt- 
age. The first control circuit thus forms a servo loop for 
controlling the common mode voltage on the collector 
terminals 8-9. 

[0056] By providing a certain voltage on the positive 
input of the amplifier 44, from the voltage generator 45 
or by any other means, a desired, corresponding com- 
mon mode voltage can thus be had on the collector ter- 
minals 8-9. 

[0057] The voltages corresponding to the shown gen- 
erators 13 and 45 may derived from one common 
source, thereby reducing the number of required con- 
nections from the power supply to the oscillator circuit 
by one, and hence reducing the risk of inducing drift and 
noise into the oscillator circuit from the power supply. 
[0058] As the amplifier 44 can easily be made with a 
very high input impedance, e.g. by use of internal feed- 
back, the resistors 48-49 can be made as large as de- 
sired within practical limits, thereby not impairing the 
functioning of the oscillator circuit 40, or implicating any 
significant AC or DC losses. 

[0059] A second control circuit comprises a control in- 
put 52; and two controllable current generators 53-54 to 
constitute the current generator means 21-22 (Fig. 1). 
[0060] By applying a control voltage on the control in- 
put terminal 52, the two current generators 53-54 can 
be controlled to supply a desired common mode current 
to (or drain a desired common mode current from) the 
emitter terminals 19-20 of the oscillator circuit 40. 
[0061] This will control the operating DC current of the 
transistors and thereby their gain hFE as well as their 
working points. 

[0062] Thus, a desired working point of the transistors 
can be chosen where the circuit is operating at desired 
linear conditions. Tests have shown that operating con- 
ditions can be reached which will enable linear operation 
of the oscillator circuit 40 under normal oscillation. 
[0063] This entails the advantage that coupling of 
common mode noise and disturbances to the differential 
oscillation and folding of low frequency noise to the os- 
cillation frequency is reduced by minimising the non-lin- 
earities. Also, current consumption is minimised, reduc- 
ing both noise and power consumption. 
[0064] In addition, the gain hFE of the transistors can 
be adjusted or controlled while the circuit is operating, 
thereby providing a simple but effective AGC means. 
[0065] According to the invention such an effective 
AGC is preferably utilised for controlling the mode of os- 
cillation of the quartz crystal 7. 

[0066] In general, one of the possible modes of oscil- 
lation of the crystal is a wanted mode. The crystal how- 
ever having several other mechanical modes of oscilla- 
tion in the neighbourhood of the frequency of the wanted 
mode, oscillation in these modes will disturb or "contam- 
inate" the signal of the wanted oscillation mode. Even if 
the crystal is not actually oscillating in an unwanted 
mode, such a mode may be disturbing the signal of the 
wanted mode. 
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[0067] However, the unwanted modes of oscillating 
generally demands more gain in the oscillator circuit 
than the wanted mode. Therefore, if the gain can be con- 
trolled with an adequate precision, e.g. by means of the 
AGC means described, it will be possible to operate an 
oscillator circuit 40 with a gain just sufficient to maintain 
the wanted mode oscillation, thereby preventing effec- 
tively the unwanted modes to disturb the oscillation 
waveform. 

[0068] Besides, such effective control of the gain of 
the oscillator is preferably utilised in a closed AGC loop 
comparing the amplitude at the oscillator output (or a 
buffer output) with a reference and controlling the gain 
via control input 52 to obtain a desired output level. 
[0069] Hereby, ample gain is provided at start-up of 
the oscillator, where amplitude is low, for starting the os- 
cillation quickly and at the same time limiting the gain to 
the just sufficient level mentioned when the oscillator is 
operating. 

[0070] Hereby, the invention provides an efficient 
means for suppressing spurious oscillation modes in a 
balanced oscillator circuit. 

[0071] A third control circuit in the oscillator circuit 40 
in Fig. 3 comprises a differential amplifier 41 with differ- 
ential outputs; and two controllable current generators 
42-43. 

[0072] The differential outputs of the differential am- 
plifier 41 are coupled to each their control input of the 
current generators 42-43. Hereby, a change of the am- 
plifier output signal will tend to increase the output cur- 
rent of the one current generator and to reduce the out- 
put current of the other current generator. 
[0073] The current generators 42-43 are coupled in 
parallel with the current generators 46-47, and thus add 
current to the currents generated by the current gener- 
ators 46-47. 

[0074] As the voltage difference at the inputs of the 
differential amplifier 41 changes, the third control circuit 
will therefore increase the collector bias current to the 
one transistor and reduce the collector bias current to 
the other transistor in the oscillator circuit 40. 
[0075] The voltages of the collector terminals 8-9 are 
however fed back to the differential inputs of the differ- 
ential amplifier 41 , and therefore the third control circuit 
will stabilise the differential voltage of the collector ter- 
minals 8-9 to a desired value; in the embodiment shown 
in Fig. 3, said desired value is zero volts. 
[0076] The use of the third control circuit according to 
the invention will compensate for mismatch between the 
left and the right half of the oscillator circuit 40, and will 
avoid any significant DC voltage across the crystal 7. 
[0077] In addition, said third control circuit is accord- 
ing to the invention preferably adapted to give a strong 
feedback at lower frequencies. This will provide the ad- 
vantage of significantly reducing differential 1/f-noise 
without affecting the oscillation, which in turn will reduce 
the risk of such 1/f-noise being folded to the oscillation 
frequency due to remaining non-linearities in the oscil- 



lator circuit. 

[0078] Instead of using for each collector node (8) two 
current generators (42, 46) in parallel having each their 
control input, a single current generator may according 
5 to the invention be used, either having two control inputs 
or having the two control signals (e.g. 1 00), from the am- 
plifiers 41 and 44 respectively, added in a suitable adder 
circuit before feeding them to the control input of the sin- 
gle current generator. 

[0079] By implementing six current generator means 
3-4, 21-22 according to the invention, it has thus been 
made possible to control the bias conditions of a differ- 
ential oscillator circuit (40) in a particularly efficient and 
rather simple way. The common mode and differential 
potentials of the collector terminals (in casu, the termi- 
nals having the largest voltage swing) can be controlled 
independently of each other, and the operating DC cur- 
rent of the transistors (and thereby their gain (hFE)) can 
be controlled, preferably by an AGC circuit, stabilising 
the oscillator circuit to a desired working point where the 
circuit is operating at desired linear conditions. 
[0080] According to the invention, the current gener- 
ators 42-43, 46-47 and 53-54 which constitute the cur- 
rent generator means 3-4 and 21-22, are preferably 
comprising single FETs (field effect transistors), the cur- 
rent path extending from source to drain (or vice versa) 
and the control input being the gate terminal. Thus, a 
certain control voltage on the gate terminal will permit a 
desired DC current flow through the source-drain path. 
[0081] By this provision, the current generators are 
established in a particularly simple and cost-effective 
way, most suitable for implementation in an integrated 
circuit. 

[0082] It is particularly preferred that the current gen- 
erators 42-43, 46-47 and 53-54 are constituted by each 
one single MOS-FET (metal oxide semiconductor field 
effect transistor) as shown in Figures 4A and 4B. The 
source and drain of such a MOS-FET will then constitute 
the supply terminals of the respective current generator, 
and the gate of the MOS-FET will constitute the control 
input terminal of the current generator. 
[0083] In current generators of this type, very low 
working voltages can be obtained, providing for using 
the circuit at lower Vcc voltage than circuits of the prior 
art being supplied with power via resistors. As men- 
tioned above, embodiments of the circuit according to 
the invention designed for supply voltages of 1 .8 to 2.2 
V are obtainable. 

[0084] In the circuit 40 in Fig. 3, the two capacitors 
14-15 in Fig. 1 have been replaced by one single capac- 
itor 51 . This will be advantageous if the fact that the two 
capacitors 14-15 in Fig. 1 each have one of their termi- 
nals (in casu the node 24) connected to ground or virtual 
ground (or in fact any other potential), is not to be uti- 
lised. 

[0085] Even if the invention has been explained 
above with particular reference to balanced oscillator 
circuits, nothing will prevent the invention from being 
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used in other types of circuits, not necessarily being bal- 
anced or RF circuits. 



Claims 

1 . An electronic circuit comprising 

first and second power supply terminals hav- 
ing different voltage potentials, 

a circuit node arranged to be biased to a volt- 
age in the range between the voltages of said first 
and second power supply terminals by controllable 
current generator means, wherein the controllable 
current generator means is arranged to stabilise the 
voltage of said circuit node by using one or more 
control signal sources which form part of a closed 
loop in the electronic circuit. 

2. An electronic circuit as claimed in claim 1 , wherein 
the first and second power supply terminals respec- 
tively have positive and negative voltage potentials. 

3. An electronic circuit according to claim 1 or claim 2, 
wherein the circuit is an RF (radio frequency) circuit. 

4. An electronic circuit according to claim 1 or 2, 
wherein the circuit is an oscillator circuit. 

5. An electronic circuit according to claim 3, wherein 
the circuit is a crystal oscillator circuit. 

6. An electronic circuit according to any of the preced- 
ing claims, wherein the circuit is a balanced circuit 
comprising two substantially identical or mirrored 
sub-circuits. 

7. An electronic circuit according to claim 1, wherein 
the circuit is a balanced circuit comprising two sub- 
stantially identical or mirrored sub-circuits and 
wherein the circuit comprises a balanced Pierce os- 
cillator. 

8. An electronic circuit according to claim 1 , compris- 
ing two or more controllable current generator 
means and a corresponding number of circuit 
nodes, wherein two or more of the current generator 
means are arranged to utilise the same control sig- 
nal source to stabilise the voltage in the correspond- 
ing circuit node. 

9. An electronic circuit according to claim 8, wherein 
said control signal source forms part of a closed 
loop stabilising the differential voltage of the nodes 
connecting said two controllable current generators 
to said electronic circuit. 

10. An electronic circuit according to claim 1, wherein 
said control signal source is an AGC (automatic 
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gain control) circuit. 

11. An electronic circuit according to claim 1, compris- 
ing two or more controllable current generator 
5 means and a corresponding number of circuit 
nodes, wherein two or more of the current generator 
means are arranged to utilise the same control sig- 
nal source to stabilise the voltage in the correspond- 
ing circuit node and wherein said same control sig- 
10 nal source forms part of a closed loop stabilising the 
common mode voltage of the nodes connecting 
said two controllable current generators to said 
electronic circuit. 

15 12. An electronic circuit according to claim 1, wherein 
the electronic circuit comprises two or more control- 
lable current generator means and a corresponding 
number of circuit nodes, and wherein the outputs of 
the controllable current generator means are each 

20 connected to a different node, and these nodes are 
connected to one another by one or more active/ 
passive components. 

13. An electronic circuit according to claim 12, wherein 
25 the active component is a transistor. 

14. An electronic circuit according to claim 12, wherein 
the passive component is a resistor. 

30 1 5. An electronic circuit according to claim 1 , the circuit 
comprising a common-base, balanced Pierce crys- 
tal oscillator comprising two transistors with their 
bases connected to a fixed DC bias source, the col- 
lectors of the transistors connected to each their 
35 output terminal of the circuit and to each their ter- 
minal of a quartz crystal, capacitive voltage divider 
feedback paths leading from each collector to an 
associated transistor emitter, characterised in 
that: 

40 

current is supplied from a first power supply ter- 
minal to the transistor collector terminals via 
controllable current generators controlled from 
a servo loop circuit having the common mode 
45 voltage of said transistor collector terminals as 

the controlled variable; 

current is added to the currents supplied from 
the first power supply terminal to said collector 
terminals by controllable current generators 
so controlled from differential outputs of a differen- 

tial amplifier in a servo loop circuit having the 
differential voltage of said transistor collector 
terminals as the controlled variable; and 
current is drained from the transistor emitters 
55 to a second power supply terminal via control- 

lable current generators controlled from an 
AGC circuit controlling the output voltage and/ 
or the gain of the crystal oscillator. 
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16. An electronic circuit according to claim 1, wherein 
controllable current generators comprise as a major 
functional element a FET (field effect transistor). 

17. An electronic circuit according to claim 1, wherein 5 
controllable current generators comprise as a major 
functional element a FET (field effect transistor) and 
wherein controllable current generators are sub- 
stantially constituted by each one MOS-FET (metal 
oxide semiconductor field effect transistor), the 10 
source and drain of said FET constituting the supply 
terminals of the respective current generator, and 
the gate of said FET constituting the control input 
terminal of said respective current generator. 
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